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Abstract 

In this paper we calculate the contributions to the branching ratio of Bg — )• 77 from the charged 
Pseudo-Goldstone bosons appeared in one generation Technicolor model. We find that the theo- 
retical values of the branching ratio, BR{Bs — )• 77), including the contributions of PGBs, and 
P^ , are much different from the SM prediction. The new physics effects can be enhance 2-3 levels 
to SM result. It is shown that the decay Bg — t- 77 can give the test the new physics signals from 
the technicolor model. 
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I. INTRODUCTION 



As is well known, the rare radiative decays of B mesons is in particular sensitive to 
contributions from those new physics beyond the standard model(SM). Both inclusive and 
exclusive processes, such as the decays Bg — )■ X7, Bg — )■ 77 and B — >■ Xgj have been 
received some attention in the literature ~ ""^^l . In this paper, we will present our results in 
Technicolor theories. 

The one generation Technicolor model (OGTM)l^^~^^Us the simplest and most frequently 
studied model which contained the parameters are less than SM. Same as other models, the 
OGTM has its defects such as the S parameter large and positive'^^^ . But we can relax the 
constraints on the OGTM form the S parameter by introducing three additional parameters 
{V,W,X)^^^l The basic idea of the OGTM is: we introduce a new set of asymptotically 
free gauge interactions and the Technicolor force act on Technifermions. The Technicolor 
interaction at ITev become strong and cause a spontaneous breaking of the global flavor 
symmetry SU{8)l x SU{8)ii x C/(l)y. The result is 8^ — 1 = 63 massless Goldstone bosons. 
Three of the these objects replace the Higgs field and induce a mass of and gauge 
bosons. And at the new strong interaction other Goldstone bosons acquire masses. As for 
the Bs 77, only the charged color single and color octets have contributions. The gauge 
couplings of the PGBs arc determined by their quantum numbers. In Table 1 we listed the 
relevant couplingst^^^ needed in our calculation, where the V^d is the corresponding element 
of Kobayashi — Maskawa matrix . The Goldstone boson decay constant F^^^^l should be 

— v/2 — 123GeV, which corresponds to the vacuum expectation of an elementary Higgs 
field . 
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TABLE I: The relevant gauge couplings and Effective Yukawa couplings for the OGTM. 
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At the LO in QCD the effective Hamiltonian is 
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Where, as usual, Gp denotes the Fermi couphng constant and VtbV^l indicates the Cabibbo- 
Kobayashi-Maskawa matrix element. And the current-current, QCD penguin, electromag- 
netic and chromomagnetic dipole operators are of the form 
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where a and ^ are color indices, a = 1, 8 labels SU(3)c generators, e and g refer to the 
electromagnetic and strong coupling constants, while F^y and G^^^ denote the QED and 
QCD field strength tensors, respectively. 

The Feynman diagrams that contribute to the matrix element as the following In Fig. 2 
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FIG. 1: Examples of Feynman diagrams that contribute to the matrix element. 

the shot-dash fines represent the charged PGBs and P^" of OGTM. We at first integrate 
out the top quark and the weak W bosons ji — Mw scale, generating an effective five- 
quark theory and run the effective field theory down to b-quark scale to give the leading 




FIG. 2: The Feynman diagrams that contribute to the Wilson coefficients C7,C8. 

log QCD corrections by using the renormalization group equation. The Wilson coefficients 
are process independent and the coefficients Cj(//) of 8 operators are calculated from the 
Fig. 2. The Wilson coefficients are read'^^^ 

Ci{Mw)^0, i = 1,3, 4, 5, 6, C2{Mw) = l, (10) 
C,{M^) = -Ai5) + + (11) 

with 5 = M'^/ml, X = {m{P^)/mtY and y = {m{P^) / rutf .Ftotci the -Eg(ll), (12) , we 
can see the situation of the color-octet charged PGBs is more comphcate than that of the 
color-singlet charged PGBs ,because of the involvement of the color interactions, where 
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By caculate the graphs of the exchanged W boson in the SM we gained the function A 
and C;And by caculate the graphs of the exchanged color-singlet and color-octet charged 
PGBs in OGTM we gained the function B, D and E. when 5 <l,x,y» 1, the OGTM 
contribution S, D and E have always a relative minus sign with the SM contribution A 
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and C. As a result, the OGTM contribution always destructively interferes with the SM 
contribution. 

The leading-order results for the Wilson coefficients of all operators entering the effective 
Hamiltonian in Eq.(l) can be written in an analytic form. They are 

CsiMw) + C2{Mw)j2hiV"'- (18) 

i=l 

With 77 = as{Mw)/ois{mb), 

,626126 56281 3 1 
h. — _n fi4Q4 

' ^272277' 51730' 7' 14' ' 

-0.0380,-0.0186,-0.0057). (19) 

14 16 6 12 
~ ^23' 23' 23' ~ 23' 

0.4086, -0.4230, -0.8994, 0.1456). (20) 

To calculate -B^ — > 77 , one may follow a pcrturbative QCD approach which includes 
a proof of factorization, showing that soft gluon effects can be factorized into Bs meson 
wave function; and a systematic way of resumming large logarithms due to hard gluons with 
energies between IGev and m^. In order to calculate the matrix element of Eq(l) for the 
-Bs — > 77 , we can work in the weak binding approximation and assume that both the b and 
the s quarks are at rest in the Bg meson, and the b quarks carries most of the meson energy, 
and its four velocity can be treated as equal to that of Bg. Hence one may write b quark 
momentum as Pb — rribV where is the common four velocity of b and Bg. We have 

Pb- h = rubv ■ ki = ^mbTTiB, = Pb ■ h, 
Ps-h = {p-ki- /C2) • h = 

-^^B. (^B. - ^b) = Ps ■ h, (21) 

We compute the amphtude of Bg — > 77 using the following relations 

(0|s7^756|S,(P)) = -ifBP,., 

{0\sj,b\Bg{P)) = ifnMB, (22) 

where /b^ is the Bg meson decay constant which is about 200 MeV . 
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The total amplitude is now separated into a CP-even and a CP-odd part 

T{B, ^ 77) = M+F^.F'''' + iM-F^.pi'r (23) 



We find that 



nib nr^/ 2\ , 



Vms, ^ 8A 
with B = —{3Cq + C^)/A, A = tub^ — nib, and 



+ ^ . (24) 



where 



(E^.^K) + ^M + t)- (25) 



A - {C3-C,)N,+ {C,-Ce) 

Ad = ^[(C3-C5)A^, + (C4-C6)] 

A,= (Ci + C3-C5)A^e+(C2 + C4-C6) 

A = ^ [(C3 + C4 - C,)N, + (C3 + C4 - Ce)] (26) 

^ = ^ [(C3 + C4 - C5)A^c + (Ca + C4 - Ce)] . (27) 



The functions J(m^), K{w?) and L{w?) are defined by 



J(m2) = /n(m2), 
X(m2) = 4(7n(m2)-7oo(m^)), 

L(m2) = /oo(m2), (28) 



with 
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IvM) = dx dy ^ oil. (29) 
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The decay width for Bg 77 is simply 

3 

T{B, ^ 77) = ^(|M+|' + \M-f). (30) 

In SM, with C2 = C2{Mw) — 1 , and the other Wilson coefficients are zero, we find 
r{Bs 77) = 1.3 X 10^-^° eV which amounts to a branching ratio Br{Bs 77) = 3.5 x 10"''', 
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for the given F^*"' = 4 x 10~^ eV. In numerical calculations we use the corresponding 
input parameters Mw = 80.22 GeV , as{mz) = 0.117, rric = 1.5 GeV , nib = 4.8 GeV 
and iVtbVjgp/lKbP ~ 0.95 , respectively. The present experimental hmit'^^^ on the decay 

Bs 77 is 

Br(S, ^ 77) < 8.6 X 10-^ (31) 

which is far from the theoretical results. So, we can not put the constraint to the masses 
of PGBs. The constraints of the masses of and can be from the decayP^l B ^ : 
mp±> 400GeV. 




600 



700 



800 
mp8(Gev) 



900 



1000 



FIG. 3: the Br{Bs — > 77) about the mass of under different values of mp±. 

Fig. 3(4) denotes the Br{Bs — >■ 77) about the mass of P^ (P^) under different values of 
mp± (P^). From Fig.3 and 4, we find the the curves are much different from the the SM 
one. It can be enhanced about 1-2 levels to the SM prediction in the reasonable region of 
the masses of PGBs. This gives the strong new physics signals from the Technicolor Model. 
The branching ratio of Bg 77 decrease along with the mass of P^ and P^ reduce. This is 
from the decoupling theorem that for heavy enough nonstandard boson. When m(P^) and 
m{P^) have large values, the contributions from OGTM is small. From the Eq{16), (17), (18) 
,we can see the functions B, D and E go to zero, as x, y — > 00. The branching ratio in the 
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FIG. 4: the Br{Bs 77) about the mass of P"^ under different values of P^. 

Fig. (3) is changed much faster than that in the Fig. (4). This is because the contribution to 
Bs — > 77 from the color octet is large when compared with the contribution from color 
singlet P"^. 

As a conclusion, the size of contribution to the rare decay of Bs 77 from the PGBs 
strongly depends on the values of the masses of the charged PGBs. This is quite different 
from the SM case. By the comparison of the theoretical prediction with the current data 
one can derived out the the contributions of the PGBs: P^ and P^ to Bg — > 77 and give 
the new physics signals of new physics. 
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